In order to develop an optimal strategy for the prenatal diagnosis of steroid 21-hydroxylase (EC 1.14.99.10) deficiency, we investigated 16 affected families with salt wasting syndrome. Genomic DNA derived from peripheral white blood cells was digested with 6 different restriction enzymes. Hybridisation was carried out with DNA-probes of the HLA class I region, the 21-hydroxylase-and the complement C4 genes. All the families were informative in at least three different loci. Twelve out of the 16 families were informative by neutral polymorphisms or disease related variants of the 21-hydroxylase gene or the adjoining C4 locus. The reliability of prediction in these cases exceeded 99%. The remaining 4 families were informative only in the HLA class I region, tantamount to a reliability of prediction of about 98%. In none of the cases did we have to fall back on semiquantitative gene dose assessments. We further describe new polymorphisms in the 21-hydroxylase region for the enzyme Pvu II and EcoR V.
Introduction
Congenital adrenal hyperplasia comprises a number of inborn errors of adrenal steroidogenesis. The most common form (95% of the cases) is due to a steroid 21-hydroxylase (EC 1.14.99.10) deficiency, which causes ineffective cortisol production and results in excessive secretion of the adrenocorticotropic hormone (corticotropin) and consequently of accumulated cortisol precursors, predominantly of 17-hydroxyprogesterone. The result is an abnormally raised production of androgens in the affected adrenals. Classical 21-hydroxylase deficiency includes the simple virilising and salt wasting forms, which lead to prenatal virilisation in affected females, and which occur in about 1 in 7500 births in the Caucasian population (1) . In the non-classical form virilisation sets in postnatally. Each form of the disease is inherited as an autosomal trait.
21-Hydroxylase is encoded by a 21-hydroxylase Aand B-gene located between the HLA-DR and B loci on the short arm of chromosome 6. Each of the genes is connected in a tandem-like fashion with a complement C4 A-and C4 B-gene, respectively. Whereas the 21-hydroxylase -gene is a pseudogene, the 21-hydroxylase B-gene appears to be the functional gene (2) . The arrangement of the genes (3) is shown in figure 1 .
The close linkage between 21-hydroxylase and HLA class I genes permits the latter to be used as a genetic marker in DNA analyses for prenatal diagnosis or carrier testing, provided there is a previously tested index case within the family.
Serological HLA typing and biochemical hormone analyses after amniocentesis can only be performed after the 16th week of pregnancy. With the aid of restriction endonuclease analysis using chorionic villi samples, it is now possible to determine the genotype of foetuses at risk as early as the 8th -9th week of pregnancy by linkage analysis with HLA class I and class II probes. After hybridisation with these probes, some of the resulting bands show a close correlation with certain serologically determined alleles from this HLA-region (4 
To evaluate our autoradiographs, we did not use the relative intensities to mark the gene dose, as the Southern blot procedure cannot be regarded as a quantitative method.
We discuss the efficiency of the combined diagnostic use of the HLA class I-, C4-and 21-hydroxylase loci within several families with a known index case, in order to develop a safe strategy for prenatal diagnosis.
Patients and Methods
In this study we investigated 16 families with the classical salt wasting form of 21-hydroxylase deficiency (tab. 1). The genomic DNA of the patients and their families derived from peripheral white blood cells was digested with restriction endonucleases Tag I, Pvu II, Hind III, Bgl II, EcoR I and EcoR V. The DNA was transferred onto nitrocellulose filters by the Southern blot technique (6) . Hybridisation was carried out with inserts of the following probes: pHLA 2 for the HLA class I locus (7), pAT-A (500) for the complement C4 locus (8) and pC 21/3c for the 21-hydroxylase locus (2) . Washing procedures were performed according to our standard protocol (9) .
Results
Hybridisation patterns obtained after probing with HLA class I probes are so complex that bands may interfere and make it impossible to assign a single band to a specific allele. Therefore we singled out two informative constellations that are shown in figures 2a and 2b. In constellation I both parents possess a band which the affected child lacks. This means that both father and mother are heterozygous for this locus and that a sibling of the affected child that lacks the band is also affected. But if the band is present, the proband is phenotypically non-affected (heterozygous or homozygously healthy).
In contrast, constellation II is fully informative in genetic terms, since it is possible to distinguish between the different genotypes. Thus, constellation II allows a differentiation between the heterozygous and homozygous state. The frequency of constellation I within the investigated families is shown in Duplications, deletions and gene conversions in the 21-hydroxylase locus would normally require a semiquantitative assessment. But by following our strategy, the number of variable loci is sufficient to dispense with the more unreliable semiquantitative evaluation in prenatal diagnosis and related analytical problems.
With our diagnostic procedure we reached a reliability of prediction of at least 98% in 4 of the 16 investigated families. In the remaining 12 families the reliability for prediction exceeded 99%; they were informative in the affected gene locus or the adjacent C4 locus. All the families possessed at least one fully informative constellation at one of the loci. From a conservative genetic viewpoint the expected recombination rate between HLA-B and HLA-A appears to be no more than 1%. Even under the most unfavourable condition with the distance between the HLA class I genes and the 21-hydroxylase B gene at its greatest, the reliability of prediction would still be more than 98%. Our decision to use HLA class I probes was based on the fact that there are considerably more variable sites in the HLA-A and B loci than in the HLA-DR locus, which appears to be even closer to the functional 21-hydroxylase gene (3).
Additional diagnostic reliability can be gained by subsequent hybridisation of the same filters with C4 and 21-hydroxylase probes. When working with HLA class I probes it is necessary to submit the agarose gels to an extensive electrophoresis with high separating performance. After hybridisation of the same filters with C4 and 21-hydroxylase probes, we found additional neutral polymorphisms with Pvu II (3.9/ 3.8/3.7/3.5 kb) and with EcoR V in the 21-hydroxylase region as shown in figure 3 .
The affected persons in the 5 out of 16 families informative in the Tag I/21-hydroxylase system (see tab. 1) lacked homozygously the 3.7 kb fragment. We designated families as informative in the Bgl 11/21-hydroxylase system in which only the affected persons had a homozygous loss of the 12.0 kb fragment. Similarly, families in which the affected persons lacked the 26 kb fragment were informative in the Hind III/ 21-hydroxylase system. Four of the patients homozygously lacking the 3.7 kb Taq I fragment had, in addition, a total loss of the 12kb Bgl II fragment, and another two had a simultaneous loss of every C4 B specific Taq I fragment. It has been speculated that this rearrangement is due to an approximately 30 kb deletion resulting in a non-functional 21-hydroxylase A/B hybrid gene (10) .
The patients informative in the Pvu 11/21-hydroxylase system possessed only the 3.8 kb fragment, whereas all the non-affected persons had an additional 3.9 kb fragment. The parents informative in the EcoR V/21-hydroxylase system showed a 35 kb and a 38 kb fragment, while the child lacked the 38 kb fragment.
The advantage of this diagnostic strategy, apart from the high reliability of 98-99%, is the fact that a prenatal diagnosis can be performed in the 8th to 9th week of pregnancy.
The conventional biochemical and immunological HLA-typing (11, 12, 13) can only be used from the 16th -20th week of gestation, and still carries the risk that the HLA antigens will be expressed insufficiently in the amniotic cells.
This early and reliable diagnosis of 21-hydroxylase deficiency allows the introduction of intrauterine therapy before the onset of irreversible virilisation in female foetuses of families analysed according to this new method.
